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(54) FERROELECTRIC ELEMENT AND METHOD OF MANUFACTURING THE SAME 
(57)Abstract: 

PROBLEM TO BE SOLVED; To provide an electrode having a proper conductivity and superior fatigue 
life time and leakage characteristics which is suitable for electrode of a ferroelectric element using a 
lead--base ferroelectric material. 

SOLUTION: In the ferroelectric element, at (east one of two electrodes, holding a lead-base 
ferroelectric layer made of PZT. PLZT. or the like, is constituted of a CaRu03 layer using a thickness 
of 50 nm or smaller. In the manufacture of the fereoelectric element comprising a lower electrode, a 
lead- base ferrolectric layer formed on the lower electrode, and an upper electrode formed on the lead- 
base ferroelectric layer, at least the upper electrode, of either the upper and lower electrodes, is 
formed through depositing CaRu03 into a thickness of 50 nm or smaller by organic metal compound 
CVD method at a substrate temperature 65"* C or lower. 
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(57) im] 

im^m] PZT$)t«PLZT«:^<iDiSS5iiiSS 
»m^^t?>^oyJ>i3:< t h-fjt L/T. JIS 5 0 
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ife-:^tl/-C. JSS5 0 nmUlTOCaRuO, 89% 

zT■c*«c^:««F»i•r^,i9*]llia8©5Ss^s^*JR 

5 0 -mrO^tnvC a R u O, tTfl^SSO. 
(000 1 ) 

t^^-SSffi. !!5{c±iSmffi<tOrCaRuO, 

d'«fl4««^-r S C i KMf s. 
[0002] 

liiejfeflDSJIiJ Pb (Zr. Ti ) O, (PZT)*.5 
W*(Pb. La) (Zr.Ti)O, (PLZTD& 

S. BllK:9S»«f*>*';oiWit/r2 

+ 2 ++^N"i/*/-fe;KDM*5^r, -ei/t:. cn6©!^ 

m i»e<)$3£tt*>6Pt*JffifflSiir#fc. 

[0 00 3] i^iPb, PtmSttiS*)jiL<»^iSLr 
ffisiufci^gj^-rsci <*ff&io' igsg) . mm 

zctots-i^mTiMmfSfosmicm^ ( 2 o o 'c-h, 

r. «ffi«iKk«Sffi-7«-&SrRuO, (C^.&C<bT 
ra®3ftJ^9lSh-5. ?$K±li5mg®**S r RuO, (C 

•c« 2 7 0 -(^eoaeoftHi-cfeis^-r s. 

[0004] 

[^W»?»bJ:5i-r$PSS[] XjIfihUD^h. SrR 
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* c 1 4a w t r 5 «> ©-c* s. 

[000 5] 

it— ^itr. JfS50nniJ!t(T©CaRuO, )B4 
m»/cCi?:!KSii^S?SBlS»^^. teADf. TSPtS 
TSISS&b©S&S^«i^S <b^l^S$S^iS±© 
±8PSg?£#rS9fiSIS«:iK^-©i3jS:«rffi«cteUT. T 

0X!JaT©^TrCaRuO, ^rJiai/rjgfiSC'. *> 
•:JCaRuO, ©®Jf?:5 0nmJ&(Ti-r*Ci41#a 
iT4^S«:«^©S!J£3Sffi%fi^-rSfc®r*S. 
[0006] 

[^n©^©^]^. SrRuO, » (Ba. S 
r) RuOj (Ca, Sr) RuO, mmimo 

tp-cffigt*©®<>®i»fe©ib-c#x.6nrfc»). -en 

to-fe. SrRuO^ ©S r^Ba-f^Carglft-rSitS 
!S$ttli:A:-rSi3r^e.*xrt,»fc KTid et a 

1.. J^pl.Phys.. Vol.87, lto.9, 1 May 2000 , 4425-4 
429 ) . tyA>bfe3j56. *^59#6«S rRuO, iit 
-trCaRuO, *Jffii,>Sta¥*^CiAJ-C*SCi 
iSWbyfc. fieoT. SrRuO, KRATCaRuO 
J imfiBiU-CfflCiSCiKJ:*)- SrRuO, ilSISf 

tie3Rfl»fJ©«B'CiB'</cJ:5{c, SrRuO 

•r*<!:l»^MS*^S>S?Ji. C©jlH«SrRuO, Ifih 

iii^6x 1 O-'ficm) «c<!f©S r-PbKft!ft*JB)S 

C©S r-PbK<h!gj©igK$3!)i(Kl,»fc»{c. 
ififim.ti>^<Ob^fihtii,. cnixmbX. CaR 
uOj T?BCa**!lfctStl/rjg(KSnSCaPb05 ft£ 
«S r P b 0, tti' <t J:t-<rffitS**liiSI,i©-C (3x1 
0' Qcm^J±) . y-i'«Fttt3JcaStlSpJfiltt7>J& 
4CiKSFai/fc. c:©J:5JEc*t»«:«-5«->T. 

UrCaRuO, 4fflt,»ft:*i^©^«:«i*0. CaR 
uOj ttSrCuO, iiaiSSft«U*n«i:tCffnfc« 
$1$ (2 0 0</QcmWT) . !sl5i?*# { 1 0"llSa 
W±) > J)c^a7C*5Si»^14*^-r^i«fc. y-i'# 
tt*»g^K:^Sti5Cifctilgl/. $65cCaRuO 
J ©liJI*s5 0nmiitTC*&Ci{cJ:0#i4*fi!${cS 

[0007] i^mAoy^^a^fn^m^tmmm 

SfttmiUrtt. ma. Pb (Zr. Ti) O 
, tPZT). (Pb. La) (Zr. T i ) O, (P 
LZT). (Pb. Sr. Ca) (Zr. Ti. Hf) 
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0,. (Pb. La)TiO, CPLT) , (Pb, C 
a)TiO. (PCT) &tf*W*Ci*J-C#S. C 

^^ifjmmmm (mocvd) . vjiyjvm. 

>{t:ia4i**Jm<torffli,»/5hs. mi*. PZT© 
( (CH, ) , CCO) , CH-«thd-C«to 
fi. Pbli!^iLrPb (C, H, ), . Pb (th 
d) , . PbC 1, ii-. ZrmiUrZr (t-0 
C, H, ) , . Zr <thd) , , ZrCl, iSci'. T 
iJ^iU-CT i ( i -OCj H, ) , , T i ( t h 
d) , ( i -OC, H, ) , . T i C I , fti'^W^. 
CiAi-e#a. PZTt?»Pb©-8|J4Larg 

»La (t hd) , , La (C, H,0, ) ^ . LaC 2 

«i:'SK:j£:i;r+t«;+;!f^iLTi«^fi§14X/x. Ar, 
N, «c<!f€:ffl(,>aci*s-C#a. He. O. Jfti* 

( 0 0 0 9 J $ft:. v';l'y;l'ffi-cw. fife»7c«©^7 

©ea8s*wm*fiaRf s**. jfi^s(cj£i;rBfa©Kw 

PZT©18^. Pb (OOCCH, ) . • 3H. O. Z 
r (OCH.CH, CH, ) , , Ti {OCH (C 
H, ). ) , igiSSEiO-CCH, OC, H, OHJC^gS? 
I/, imm^s ISKSief*. ^•=fc;i'©7K. itl!t?tt*^ 

;*cfil**ii>tt*©fl6©Sffl^r»4 5 0~ 
7 0 o-c-c^y^^urpzT^sffsci^s-cgfS. 
[0010] :4:i%«S©^£it^^^'f (ct;(:r ^%@^(!: 4C 
UTfflt^SCaRuO, 'iJTl/«)«»k:CaRuO 
, ©iffl(S{c-Sc-r5<£5Stt«c< . Ca/Ru®*Jl'JtW 
± 1 0%ga©^<5>+AJ*->-cfcJ;U. if*Ktt± 

T^: < r 6 Jci^, WJ©Si^m(*m^-{c*}W5Sgl!f 

»<!:l/-C©CaRuO, tJ. ±T®S©5 feii>?c < <t*> 

ITtttiCD-CSfa-C*^. ±S|5^@©»K:CaRuO, 
m»S18^. TSPSSil/TBPt^ffSKm^SCi 50 
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[0011] *||?«r«C a R u O, ©jgWttS 0 n tn 
WTi-r*. li!lf*J5 0nm*iBiLrm«l OOnm 
rfeSrRuO, iit©tyr53im«*S*5. CaRuO 
, * 6 0 n mtiTrfflt,>S C i tcj: f) y - i>i|#ttfiT*J 
J:?)S^K:ai$dan5©-r. 3(:SS|-C»5 0 nmOTi 
ly/c. CaRuO, «, 2*fl9(C. l8^St«(*l!t^ti 
« 0 -Cffl (,» Sfc i 0 «:|fiS?S^a^i:<5f*4tf --©flJfiETC* 

i^iigiz-ccaRuo, m^j&m^. $6«:mKPt 

a«c<!f)&SJg^fi)5L.t:> CaRuO, ®S*i?cS7cj(!iffl 
g5^*#©3a:S4WU«:3>J6. :*«cil/r«tfi 
¥©<5t,im«Si&fil^-rsC£*J-T?tS. PtgfelSS^ 

;>^tt©mtt«c«r>*>6-e*4. 
[0 0 12] CaRuO, <mmmi. «=«:l!g£Sti 
•r. iSSEffi, CVDffi, ;^-'N'2»ir)5:<b'©PVDiS«:^® 
i,>'r*i-Cfe<fci,>*s. *#Ei!H«6®lfti*«:j:*iW«fi:^ 
Wt^WMffliSStft (MOCVD) Sm^'SiSSiL' 

rsnftii^swrscaRuo, *}BfiS-cta©-c# 

K:»jS-r*i. MOCVDftrCaRuO, *}gfitr* 

«. mif, CaM^il/-CCa(C„H.,(i),((;H 
..N,), . Rumii/rRu((q„n,Q,),sfc(3: ru[cc, 
H.)(QH,)],. iiJ'gtcicScrs^tcKJR (0. ) 

N, . Ar) ■C>'<:/>;>i'-r6Ci«:j:ipg^{cj^;if 

<RE©mi7^h^i>{3:g!a36»^aitfri/*9tt». Ca 

A5®-c-'<7'i;>i^!S:tf5®K::^^SSr**, -ec-c. 
[0 0 1 3] StBiffiJ*. RBE-r«toltT?tt«:l>*s. W 

A«35o -650 -crj:!,^. J«l^P5«!i:>s«:)a;f*5ff p, 

ti*i»J:t,>*5, m«5~6 0^ia|-C*-5. i^CjSB^Kfe 
Stliifi, P (L) ZTfti-®i&^g|S«tM^%3fa 

«> ^itesp (L) zTiD^mmatLx (i i u p 

t/Ti/SiO. /Si. Ir/TiO, /S i O. 
/Si. I rO. . #igSP (L) ZT®fiS;^«tt 
"C(100)SrRuO, / (lOO) SrTiO, . 

(ill) SrRuO,/ (1 11) SrTiO, . 

(110) SrRuO, / (I 10) SrTiO,*^ 



«4**3*»-3P (L) ZTCDilSSfSStCfil/rCiSPt 

miif}mt6t, s i ip t*!S(&r5CDT. s i o, 

■C*S. P tttX-'N'5i5rtcj:f3 ( 1 1 1 ) i3l5lOfcf c 
c»A*JJiEfi1-Sj:i3iir»S. CO*B^PtttT»S 
S-Cftf). C©Pt«:«*TSA:ttP t±{CCaRuO 

[0014] *«?30«Sf««:3R^-B. 3>f*>-!f-. ^ 
CO 0 1 5] 

MOCVD^r, (1 1 1) Pt/Ti/S iO, /s 
iS«© (111) Pt±K: (111) PLZT%J^fiS 
Uc. tiih'h. Pb (OOCCH, ) , • 3H. 0. 
La (C, Hi, COO) , Zr (OCH. CH, C 
H, ) , . T i {OCH (OH, ) . } « 4Pb : L 
a:Zr:Ti = 112: 15:40:60 (^)lik) 2 

Kjac^jc^KCH, 00, oHicmmb. ^^j\^<o 

*teJ:Ul^K«:TUn*»j»Lr <Pb,„ La„> (Z 
r,.Ti„) 0, ©/fflfiS*W^S«Ilg<*«fS*{'^fiSb. 
Ctv?:±i2S1g±«:^f>3-hO. isassi^. iljffllllJjSl 
7 0 0 'Cri ^©«l«iffi*fT«cl>. miSiZ 8 
0 n m©J;gBi^DfflfiS©P L Z TRifPflSbft;, 
[0 0 16] J:b@g!ll 

##W0:5rSS-CPLZT*«SKtfc«. H2{c^-rJ:5 
CC. PLZT)i5©±{c±a5^6<tO-CitSO. 3m 
m*. JlSSOnmSSfcttl O0niii©Pt«j'fif;Uv 31 

ttSim 2«S iO. g. 3»I rO. M. 4ttP 

[0 017] c'>bximLfc'^^^-<i^i'=&. :kfmo 

mE©3%©*^;«/;^^^t?^^X/X#ffl^tli. 203 
-C-ClS^lfflilASll/fcfil. :^:SUI©i^#Hia«. 4 

5 0 *C73 o^iaixysiaufc. ««!)©Bg;i#H^^» 

KoT:i-';>i^©fcj&©i!fflir*»). Tum'mfmm 

»ffl«wa)ittaB©sra©a©@a©fc«&©r--- v>i^ 

[00 18] 2 0 3'C©xK^fflSl^^. PtfSlin 

K.ME'&mabxpL z T(omisw!mim&btci: c 
6. ymw^^imm^bxa*}. a<i;^i'©pt± 
9iinmtccvmmbxbtr>it, bipb. ^szomL 

aK(CPLZTe5©«MK:9f/i:{CPt®6' «-g[S 
0. 3mm*v J535 0nin*)t«l OOnmK^ao 

r. c©iefi/t,»±8iimg6' <bTSPms©ra-cpLZT 
©iSS§m!m4*iISl/fc<fcc5, *^^m«!isa©K 50 
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^fflSM!iffl(cj:i). PLZT©5^SS«*tt»iIfflLr 

[00 19)iK->r. :^«»IBJR«ia«cj:*PLZT© 

S&^b«. A5a*©Pt±g|5Sg©^¥a!WJ[lH-^*«3. p 
t ±SB«fi*J6«gT8»©P L Z T«f"^©^|c^©^!2afcK: 
»-?<t©-C*0. cn{cMl/rPLZT«j!k^#fflSl 

teasKwap t mm^rtMxmnt^t . p l z t© 
[0020] liim. 

vMm\ twrnK-bx. ■tcfcb±smmtbxp 

^rCaRuO, «:«T©J:5{CLrjB«l/fc. MOO 

t\ l^ttCa(Q.H„(i),(CH.,N,). -Ru(Q,H„Q)j 
Sfc» Ru[(C,H.)(C,Hi)].-0, ^tbfc. 

[ 0 0 2 1 ] c &jm\t. Timmic. asfms m i 

2 0~1 3 0'C) ©C,H„N5 «:$tf^^3t/X4>'<:?'i;> 
ifbxmt. QHi.N. BiR«fis»©^<:/y>4'K:j;-,r 

fffc, Rujm«. RuCQ,H.,Oi), ©Sf*:?:Ml/-?-© 
±K:S^^/XSjitm Ru[(C.H.)(C.Hi)].ttjg 

»t-*-i3rJl«SUfl6r*5. JHSfC*aca(Q,K..O 
i).CC,H„N,). *><ti:KRu(Ct,H.,Oi), . feJrD'QHi.Ni 

-^^PjStcJ: t)0r«SgK:iS:^o/c^i4~i6{cilx§ 
SSi4tta(c,,H.,0i),(c,n.,N.). . ifS 

7. i8ja:+i'';r*';^©M3S©s?§. ^i9{*K3R©g 
6©S^;y;^tt«ti3{cSgi6rQHi,H j&/>-:?'y>i^L 

t?Sgl4©Ca(Q,H.,a),(C.Hi.N,). ^A^-y^i/O 
fc. 5Sgl5©Ru(Q,K.,Q,). ktmSkbX^mUT^^^^ 
WStl-te. cn?.©m;<f;^*K|^:</xi9iJtK:St£;^ 
S6«J©CaRuO, imSi±MmUc. S£ 
fflK»3 0 0^7 5 0 U «ail^lHtt8tW5 0 n m©li 
^0. 5R5fF5t&-o/c. 

[0022] «0«>«C, ««SK«:^^-C^KL/i:*i. 
3^iiK*S7 0 0X;*iffljt«4. S«©PLZT*'6© 

p\iomMifim.b<tsi*). nbtihPLZKim'&im 

mix.mtb. 7 5 0 •C=&*8x.5i?Siffl«:#ttAsj&i'M 

ife-r*«i'f*-,fc. -ec-c. iaT©ii®^ (siis^iitej: 

O^ifcKM) X\tWmmt±Xt 0 0 'Ci l/3t. WS± 
tcJfflSuytCaRuO, (JiifiJcteJrcXife^t^SttaifeX 

©CaRuO, Ca : Ru : 0«il : 1 : ST? 

[ 0 0 2 3 ] C ^ Lt:»6tlfcai^«:jSTF-©«Ftt*«!l 
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(P-Elftt) (CaRuO, 0 nm) <!)» 

J^as (a) \tPimmtmm'cs>f). h, ^sa^ 

(b) ttPtSffiJ:Os&{b*JiJ>fe<. O. (c) 

[0024] (I-V1#ffi) (CaRuO, BUfS 
Onm. 1 OOnm) ©«SlE-«ffil9ft (I -V«fl4) 

jf 1 0 0 nm) ccsvf. HMofcibv:. mmmtwimic 

trCaRuO, (H^CROiBSffi) (Cf^^TI^UIg 

<ii^2) ©i-v#ttfcE5. laetcfif-itr^-r. 

*SSHa«!ia*jJ:CFKSSlBSl«ffil*«fcacD I -V 
!RFa©l,>-rtxfe. CaRuOj ©:^*iSrRuO, J:0 
fftlTtef). ifttCSrRuO, SyCaRuO, OJKJit 

[0025) (S@^«!tt) JR^=^{C5V©f5E*5 00k 
ill«t?*i*i. CaRuO, KRATSrR 

uo, mi&bicmmm'f-'&mbit. ^mi t 
[0026] p - Emmtmm i mw^ib 

9. m^^mcCib-,1t. IcKb. SrRuO, * 
^tifiS. d%-Ci,r>tc SrRuO, 

m'N) I - v<m<oi^mt. tfc«©fc»{c c a r u o 

«N4KC a Ru 0, (SIteOT 1 ) ©55r**finr(,»«c i 
[0027)#^m 

mum 1 il^filOMOC V D^St?. S«<t VxmtkM,L 
aAlO, «:ffll,>r. -eOitcCaRuO, feJcCXS r * 
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*Ru03 «r-?-n-enK^?5 0nnj«CJBfiSL<fc. ^^Hlt 
mifiC&RuO, teJ:iySrRuO. TftSCitJ^ife 

[0 0 2 8] C©CaRuO, K4bJ:c;s r RuO, B 

icr>f,^xmmmic<k-yxm^mmbtc. caRu 

O, Ji{3:2O0/iQcm. SrRuO, J@»280/zQ 
cmt'*-:>fc. ttc, C©CaRuO, f^is^ZfSrR 

feSfii^»7}<Sg#H^«}Sim©K^aM®a«c J: o r 
Tntc^o/c, l5lil©AfiS5:7jc^i!Hl©aa*«;^r?f-3 
ia?S-C©*^^aM-Cfc-€-©«®KjRSH^ffi 
K:J:-5T(Jt27n©ffiCi^«CB|oA:©'C. »liior«ffi 

[0029] 

l»fc5iiSIS**«^©Sffi<i: UX. m.5 0n m«T©C 
aRuO, imi^iCtJ:*), P t ttt^X^^ifi 
20 ^(CgSSn. SrRuO, itb'^tTU-i'^Stt*!^ 

imi] ?^sis^*';7p/<-/x©fiai*^-r. 

[H2] WJ©3figf«(*jR^-©«tJi«.T^-r. 

[03] *^©^S«nK^©C a R u O, *«f|^ 
5fc»©M0 C V DKg^&Tj^r. 

[04] CaRuO, ©P-E#14%5^-r, 

[05] aiSS 0nin©CaRuO, H^I^StRuO 
i ©1 - V^%S^. 

30 [06] ISJll 00nm©CaRuO, 48<fcCfS rRu 
O, ©I -Vif$tt*^-r. 
(^#©8i^] 

1- S a -Jx-^N 

2- S i O, 

3- I rO 

4- Pt (TSBJig) 
5 "PLZT 

6. 8* "iiSSgCPt. SrRuO, . CaRuO 
, ) 



[02] 



a 2 



AV\VVX\X\XSXVS>^N\SX 



■^1 



PLZT/Pi/IrO»/SAO,/Si 



(6) 
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II] 



m3] 




m 3 




[@4] 



[05] 



(a) 




m (kV/cn) 



(al 

mm 



<-E5 
-6 



50 nm 




SR0:SrRuOa 




CRO:CaRuO} 




SRO 






N 


■ 


CRO 



1Q0 200 300 



400 



(b) 

203t-H> 



S 
\ 
u 




Cff (kV/cn) 



(b) 

Z03t-H, 



i 

O -6J5 
I 



SRO 



100 200 300 
(kV/co) 



«00 




(c) 



(kV/w) 





SRO 












CRO 







100 200 300 
«ff (kV/») 



too 



C7) 



«f#H2 0 02- 1 622 9 



a 6 



mm 



100nm 




100 200 300 



(b) 

203t-H, 




aOQ 300 
«ff (kV/oi) 



r -5 



(C) 
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